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ABSTRACT 
 
 Davenport, IA, is a typical Midwestern city with a population of ~102,600 residents and 
is characterized by aging infrastructure and housing stock. Consequently, alarmingly high rates 
of child lead poisoning—as a result of deteriorating lead paint—constitute a major public health 
concern in some urban neighborhoods. Augustana College’s Upper Mississippi Center is an 
organization that helps urban and rural communities solve sustainability challenges by 
mobilizing the college’s resources. In conjunction with their Sustainable Working Landscapes 
Initiative (SWLI), a research team conducted free home lead screenings in vulnerable Davenport 
neighborhoods to better understand the severity of the problem. Via appointment, 27 homes were 
tested for lead in their paint, dust, soil, and water. Many of the highest-risk homes were found in 
low-income neighborhoods. The purpose of this study was to assess the extent of soil lead 
contamination and lead bioavailability in this urban setting. A total of 56 composite soil samples 
were collected: 26 Drip Zone (DZ), 18 Center of Yard (CY), and 12 Play Area (PA). These 
designations correspond to, respectively: soil within 1 m of the home’s foundation, soil 
elsewhere in the yard, and soil elsewhere in the yard but deemed a high-traffic area for children. 
Samples were taken from a depth of 1.5 cm, oven-dried, milled, and pressed into pellets for XRF 
analyses. The maximum concentrations of lead measured were 5190 ppm (DZ), 1335 ppm (CY), 
and 1091 ppm (PA). Minimum values measured were 24 ppm (DZ), 36 ppm (CY), and 176 ppm 
(PA). Average values included 1509 ppm (DZ), 373 ppm (CY), and 343 ppm (PA). A significant 
relationship between soil lead content and age of the home was found (R2 = 0.57).  
Soil lead mobility and retention—and hence bioavailability—is determined by soil 
characteristics. Total P, Pb, and pH of the soil were measured and used to construct leaching 
experiments for 8 select composite samples, using the USGS Field Leach Test (FLT). Of these 
samples, an average of 4.1% Pb was leached from the soil into water. The U.S. EPA has set two 
standards for lead in soil: 400 ppm for bare soil in children’s play areas and 1200 ppm for bare 
soil elsewhere in the yard. The ubiquitous contamination of this well-documented neurotoxin 
threatens the livelihood of Davenport residents and especially poses irreversible health issues for 
children under the age of 6. 
 
INTRODUCTION 
 
The contributions and applications of lead—element 82—have been extensive and 
enormous in human history, from its fecund use by the Roman Empire up until the present day. 
Lead is a lustrous transition metal that is dense but soft, highly malleable, resistant to corrosion, 
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and a relatively poor electrical conductor. It occurs naturally in the environment as an isotopic 
end product of radioactively decaying elements and is commonly found in the mineral forms 
galena (PbS), cerrussite (PbCO3), and anglesite (PbSO4). Today, lead is primarily used as a 
major constituent in car batteries and in the glass of computers and television screens as a 
protective shield from radiation; lead is also used in sheeting, cables, solders, lead crystal 
glassware, ammunitions, bearings, as weight in sporting equipment, and in the production of 
petrol (Lenntech, 2017). Historically, lead was added to gasoline as an octane-booster and anti-
knock compound beginning in the 1920s, significantly reduced in 1986, and finally banned as a 
fuel additive under the U.S. Clean Air Act in 1996 (Schwarz et al., 2012). Leaded pipes have 
been discontinued since the 1930s but use of lead as a solder in pipes was not banned until the 
Safe Drinking Water Act Amendments of 1986, due to lead’s potential to corrode with time. 
Moreover, lead was added to paint to improve its durability starting in 1882, saw its heyday in 
the mid-20th century, and was ultimately banned by the U.S. Consumer Product Safety 
Commission (CPSC) in 1978 after links were made to its toxicity; this legislation brought an end 
to the use of lead in residential and public buildings as well as its use in toys and furniture 
(Schwarz et al., 2012). According to a policy statement by the American Academy of Pediatrics 
(2016), the CPSC restricted the allowable content of lead in residential paint to 0.06% (600 ppm) 
for manufacturers; this value was again lowered in 2008 to 0.009% (90 ppm) (p. 2). As a result 
of this legislation, contractors and renovators that modify existing older homes must be certified 
to do so; in other words, they must be trained to prevent turning lead-based sources into lead 
hazards in the home.  
Furthermore, lead is a well-documented neurotoxin (Mason et al., 2014; AAP, 2016) and 
traces its origins in the environment from anthropogenic sources—namely the deposition of lead 
from exhaust pipes that emit leaded gasoline fumes, some consumer products made with lead, 
and effluent from smoldering industries. In addition, lead paint can enter numerous pathways 
after it deteriorates, such as fallen paint chips inside and outside a home, dispersed dust in the 
interior, deposition of lead paint into the soil, and leaching of lead from old pipes in water 
systems. According to the U.S. Department of Housing and Urban Development (HUD), 30 
years after the 1978 ban, “hazards still exist in approximately 26 million dwellings, in which 5.7 
million young children reside” (Elless et al., 2007). Consequently, lead poisoning remains a 
significant threat to the public. The Centers for Disease Control and Prevention has established a 
level of concern for Blood Lead Levels (BLLs) at 10 micrograms/deciliter (µg/dL) while the 
U.S. Environmental Protection Agency has set two standards for lead in soil: 400 parts per 
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million (ppm) for bare soil in children’s play areas and 1200 ppm for bare soil elsewhere in the 
yard (Schwarz et al., 2012). Figure 1 provides a comprehensive overview of societal lead bans 
and a corresponding drop in children’s BLLs from 1971-2008 (AAP, 2016). Although there has 
been a dramatic drop in BLLs in children since the ban on lead in paint and fuel additives, 
around 15% of children living in urban areas have elevated BLLs compared with 2.2% of 
children nationwide (Schwarz et al., 2012). These reductions in toxicity are shown to 
disenfranchise those living in and near urban centers, where older infrastructure and residences 
prevail. It is important to note that these arbitrary benchmarks set by the USEPA and CDC have 
been under much debate in recent decades as sufficient maximum contaminant levels. Since lead 
is proven to have no functional benefit to our bodies, no amount of it is desirable. In addition, 
lead often replaces the essential mineral iron in our bodies because of similar chemical 
characteristics; as such, it is important for kids to have an iron-rich diet and decrease lead’s 
potential to circulate through the body. Lead poisoning is known to cause neuropsychological 
difficulties in intelligence, memory, attention, processing speed, language, visuospatial skills, 
motor skills, and temperament (Mason et al., 2014). In addition, lead poses a risk to adults that 
consume vegetables from a garden that has lead in its soil. Studies show that plants like carrots 
can uptake the lead into their tissue and cause toxicity up the food chain (Bugdalski et al., 2014). 
According to Schwarz et al. (2012), urban soils are sinks for anthropogenic lead due to its 
ability to adsorb onto soil particles. Consequently, soils present a serious health risk if they 
become ingested or inhaled. Once in soil, lead retention and mobility is influenced by a number 
of factors including soil pH, temperature, moisture, organic matter and clay content, the presence 
of phosphates and other metal ions, etc. (Cerqueira, et al., 2011; Ge et al., 2000). According to 
past studies analyzing the spatial distribution of lead, higher concentrations are often found under 
the roofline, or drip zone, of pre-1978 homes and decrease with increasing distance from the 
house. A similar inverse relationship is seen in that lead concentrations decrease with increasing 
distance from major roadways (Bugdalski et al., 2014; Elless et al., 2007, Schwarz et al., 2012). 
Moreover, lead occurs naturally in some soils at concentrations that range from 10 to 50 mg/kg, 
or ppm, within the top few inches (Pennsylvania State, 2017); as a result of human use of lead, 
these concentrations are often much higher because of the input of lead into the environment 
from its many applications. 
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Current abatement practices on soil lead lie on a spectrum defined by expenses and 
removal efficiency. The three most basic means of soil lead remediation involve covering it up, 
excavating it out, or more creative approaches utilizing chemical or biological inputs. Paving, 
laying sod or gravel, and other landscaping to cover up contaminated soil with cleaner soil is 
generally expensive and inefficient at lowering the area’s toxicity in the long term—due to 
eventual erosion and exposure of the old soil. Complete excavation of contaminated soil and 
replacement with clean soil is efficient at reducing the area’s toxicity but is also fairly 
expensive—costing up to $15,000 per dwelling, according to a HUD estimation in 2004 (Elless 
et al., 2007). Another option is chemical immobilization, which involves complexation of lead 
with various materials to minimize its toxicity. One such method is the use of phosphate to 
mineralize soil lead. Although this common method effectively reduces lead bioavailability in 
most soils, concerns arise since the addition of P amendments affects eutrophication processes of 
surface waters as well as the possibility of arsenic-enhanced leaching into groundwater 
(Miretzky and Fernandez-Cirelli, 2008). By far the most efficient and cost-effective way to 
remediate lead is through phytoextraction, a process of phytoremediation in which a chelating 
agent is added to the soil to make dissolved lead bioavailable for plant uptake. These metal-
resistant plants are called hyper-accumulators (e.g. turf grass) and can safely store large amounts 
Figure 1. Timeline of lead poisoning prevention policies and BLLs in children aged 1-5 years, by year 
between 1971 and 2008, conducted by the National Health and Nutrition Examination Survey 
(NHANES). BLL, Blood Lead Level; GM BLL, geometric mean Blood Lead Level (AAP, 2016). 
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of heavy metals in their tissue. This method is cheap, easy to employ, and effective at removing 
lead from the system (Elless et al., 2007).  
 
BACKGROUND 
Davenport, Iowa is a city of approximately 102,582 inhabitants located on a bend of the 
Mississippi River (U.S. Census, 2016). It is one of the four Quad Cities, which boasts a 
population of nearly 400,000 people between Illinois and Iowa. The Quad Cities were home to 
numerous industrial and logistical businesses in the 19th and 20th centuries, including the Arsenal 
Island munitions plants, Kone (Montgomery) Elevators, John Deere and Company, International 
Harvester, etc. Many of these industries released substantial amounts of heavy metals, DDT, 
DDE, and PCBs into the air, soils, and surface waters of the cities until environmental 
compliance standards were enacted in the 1970s (Wiener and Sandheinrich, 2010). With massive 
deindustrialization during the early 1980s, concurrent with an economic recession, the Quad 
Cities experienced a revitalization of manufacturing in the later 1980s primarily directed by John 
Deere and Company, although the effects of a post-industrial society remain prevalent (Crump, 
1999). Consequently, Davenport—containing more than 40,000 residences built before 1978—
claims a child lead poisoning rate above the state and national averages, according to the Quad 
Cities Times (Patel, 2017). In an earlier publication, it was reported that about two-thirds of Scott 
County children were tested for lead poisoning, in which 6.4 percent tested positive, according to 
the 2015 Community Health Needs Assessment for Rock Island and Scott Counties. Today, 
Scott County diagnoses roughly 50 children with lead poisoning annually (Tibbetts, 2015).  
The city is tackling this community health problem by shifting from a reactionary 
approach to a preventative approach. Previous research conducted by undergraduate students at 
Augustana College, a private liberal arts school in Rock Island, IL, have mobilized efforts to 
tackle the lead contamination issue facing the city by synthesizing projected risk maps using 
ArcGIS computer software and performing free home lead screenings. A risk map was made 
using Geographic Information Systems to understand which areas of Davenport held higher risk, 
and hence higher priority, over others since the city needs to optimize funding allocation. 
Utilizing data collected by the U.S. Census Bureau and the Scott County Tax Assessor Office, a 
map was generated by combining four key predictors of lead poisoning—age of the home, 
household median income, percentage renter-occupied housing, and percentage African 
Americans (Miranda et al., 2002). These components were weighted into a combined risk index, 
which yielded a priority level from 1 to 6, with 1 being the highest risk for lead presence and 
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deterioration and 6 being the lower risk associated with younger homes in good condition. There 
are 1,321 Davenport homes in the priority 1 zone; 1,267 homes (priority 2); 3,342 homes 
(priority 3); 6,505 homes (priority 4); 8,337 homes (priority 5); and 13,042 homes (priority 6). 
Moreover, the Upper Mississippi Center provided Davenport residents with free lead 
screenings in order to evaluate the actual concentration of lead in different parts of the home. 
Davenport residences were tested for interior paint, interior dust, home faucet water, and yard 
soil; in addition, a housing survey that evaluated the exterior conditions of the homes was 
collected. This study elaborates on the findings of the soil lead concentrations for 27 homes. 
 
STUDY PURPOSE 
 The aim of this research project was to understand the legacy of anthropogenic lead paint 
from older housing stock in Davenport, Iowa neighborhoods by quantifying its extent in home 
soils. Understanding the severity of lead contamination in accordance with EPA policy, its 
spatial extent in the city, and whether these values match expected risk maps generated from 
ArcGIS are all crucial to understand how the city should manage this public health concern in the 
future. Working with a team that additionally assessed the interior paint, interior dust, and water 
in the homes, this study will offer an in-depth analysis of soil lead contamination and help put 
this problem in context. The study’s main objectives are listed below:   
1) Measure the concentration of lead from priority areas of Davenport neighborhoods to 
confirm the validity of ArcGIS-generated maps and their potential to predict lead 
vulnerability. 
2) Investigate a relationship between soil characteristics (soil pH, total phosphorus) and 
lead concentrations in different Davenport neighborhoods to understand lead mobility 
and bioavailability. 
3) Understand the leaching potential of select soils based on their physical characteristics. 
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STUDY AREA 
 
  
http://www.visitquadcities.com/content/maps 
Figure 2. Davenport, IA, located in Scott County, adjacent to an east-west bend of the Mississippi River.  
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METHODS 
Field Work 
Supplies: 
• Powderless latex gloves 
• Stainless steel spoon 
• Ruler  
• 5” by 8” ziplock bags 
• Sharpie  
• Disposable wet wipes 
• Containers for each of the labeled 
ziplock bags/property 
• Soil sample collection/property sketch 
form (see Appendix A) 
• HANNA Instruments pH probe 
 
EPA-Adapted Protocol: 
1) Fill out preliminary information on soil sample collection form and quickly sketch the 
property, noting all structures of the home (driveway, garage, porch), garden, play area, bare soil, 
etc. Mark subsampling locations with an “X” on the property sketch. 
2) Identify bare soil around the building’s foundation and in the yard. Then, using best judgment, 
identify any bare soil in high-traffic areas that children may move through or play in. 
3) Wearing latex gloves, remove any coarse rocks and organic matter from every sampling 
location before sampling. Scoop a small test hole approximately 1.5 cm., or 5/8 in., deep near the 
subsample location to use as a visual aid. Then scoop soil to the appropriate depth and 
approximately 2 inches in diameter and deposit into ziplock bag. Remember that 5-10 
subsamples are needed to make a composite, and that each designation is its own composite. Fill 
ziplock bag with equal spoonfuls per subsampling location to ensure equal volumes for 
homogenized composite samples. A composite sample of 5-10 subsamples should be taken under 
the drip zone (“DZ”) of the home and another composite sample either from a child’s play area 
(“PA”) or in the center of the yard (“CY”) should be taken. Composite samples taken from a 
“DZ” designation should be collected from 2-3 sides of the home, within 3 feet of the foundation 
and 2 feet apart from each other; “PA” or “CY” designations should be taken in an “X”-shaped 
grid if appropriate. Each home should amount to 2-3 composites/2-3 ziplock bags. Label each 
bag with a sharpie that matches the sample collection form (e.g. ‘DZ’ or ‘CY’ or ‘PA’). 
4) Spoons must be thoroughly washed and disinfected with wet wipes between each composite 
sample as well as each sampling site to avoid cross-contamination. 
5) Place ziplock bags into a container that distinguishes the sampling site. 
6) Use the HANNA pH probe to record several locations in the yard to yield an average pH value 
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of the yard soil. To do this, use the red plastic tool to bore a hole in the topsoil and carefully 
insert the pH probe until the reading on the screen is equilibrated. Rinse with tap water between 
readings. 
7) Note peculiarities of residential yard and other possible sources of lead contamination. 
 
Laboratory Work 
 Each composite soil sample was homogenized by hand shaking the bag for one minute. 
Approximately half of each composite sample was then transferred from the ziplock bags into 
aluminum containers. Each sample was oven-dried overnight in a Model 40 GC Quincy 
Laboratory Oven, at a temperature of 50°C, in order to evaporate any remaining moisture. Using 
a pair of tweezers, individual rock and organic fragments that remained were removed to ensure 
the X-ray Fluorescent Spectrometer measures only the soil material. 
 In preparation for the Rigaku Supermini X-Ray Fluorescent Spectrometer, the soil 
samples must be milled into a powder. To do this, approximately 15-20 grams of sample was 
deposited into a Zirconium Ceramic Crucible containing a Zirconium Ball; ethanol was added 
until it met the top of the sample in the container. The lid was capped, sealed, and secured into an 
SPEX CertiPrep 8000 Mixer/Mill to mill the sample for 10 minutes. Subsequently, the sample 
was scraped into an aluminum dish, labeled, and inserted into a smaller Grieve Laboratory Oven 
once again overnight.  
 The now dry and cohesive soil sample was then pressed into a pellet. To accomplish this, 
the sample was weighed to approximately 8.50 grams and mixed with ~1.50 grams of SPEX 
SamplePrep Paraffin Binder in a ceramic mortar and pestle. Once this ratio was assured, the 
homogenized powder is poured into a flared, aluminum capsule. This capsule is then placed into 
a metallic die body, which consists of the die body, the die base, and two metallic discs that 
stabilize the sample between them. The die body and its components are placed into the Carver 
Hydraulic Pellet Press, where it is subjected to two tons of pressure for 30 seconds and then 16 
tons for two minutes. The resultant pellet represents a flat soil surface in the labeled aluminum 
capsule. The sample is now ready for XRF elemental analysis. 
 Each composite sample pellet was placed into the XRF along with two USGS soil 
standards with known lead concentrations (NCSDC 73317a and NCSDS 73032, with lead 
concentrations of 555 ppm and 21 ppm, respectively). These standards were used to understand 
the accuracy of the instrument with fairly low and high concentrations of lead as well as for 
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phosphorus (NCSDC 73317a – 629 ppm and NCSDC 73032 – 800 ppm). The precision of the 
instrument was sought by scanning each sample at first five times each for Pb and P but soon 
only 3 scans each in order to ameliorate time constraints. 
 Select soil samples underwent the USGS Field Leach Test, or FLT (Hageman, 2007) in 
an attempt to understand soil lead leaching behavior into the subsurface, given their present pH 
conditions. Materials include the remaining composite soil samples within the ziplock bags, a 
laboratory balance, deionized water, a 1000 mL graduated cylinder, 1.0 L Nalgene bottles, and 
syringes to extract filtrate. The procedure consists of the following: placing a weighed 50.0 
grams of sample into a 1.0 L Nalgene bottle, adding approximately 1000 mL of deionized water 
(20:1 water:solid ratio); the bottle is then tightly capped and vigorously hand-shaken for five 
minutes, turned upright, and left to sit for 10 minutes. After settling, a syringe is used to extract 
the leachate, deposited onto filter paper, air-dried, and inserted into the XRF for analysis. The 
goal of this experiment was to see if soils with higher or smaller amounts of lead, or phosphorus, 
affect how much lead leaches out of the soil. Numerous studies have used the USGS FLT with 
comparable results to more involved and costly methods (Hageman and Briggs, 2000; Higueras, 
et al., 2017). 
Given pH conditions that oscillate around 7.0, most lead will be bound to higher 
proportions of phosphorus and colloidal clay and organic matter in the substrate, and will hence 
not leach so well. Given more acidic conditions, however, both the P and Pb would be more 
soluble and chemically detach from the soil particles and migrate to the subsurface. Numerous 
studies have been conducted to understand at what conditions lead and phosphorus will react 
with each other to form insoluble (residual) minerals like pyromorphite [Pb5(PO4)3], which will 
not be taken up in the bloodstream if accidentally ingested (Miretzky and Fernandez-Cirelli, 
2008). For this experiment, the running hypothesis was that less lead will leach out of soils with 
higher amounts of phosphorus—and arguably more organic matter—while the opposite is 
expected for lower amounts of phosphorus. In addition, soils with higher amounts of lead are 
more likely to leach more lead since the deionized water has greater potential to dissolve excess 
trace metals out of the substrate. The first and second highest and first and second lowest 
concentrations of both Pb and P (8 total samples) were selected to see if these extremes yielded 
interesting patterns. 
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RESULTS 
Lead Concentrations 
A total of 56 composite samples were taken from 27 Davenport residences. Table 1 presents 
informative parameters compiled for each home. House addresses are omitted for confidentiality 
purposes. A notable correlation was found between the age of the home and the concentration of 
lead in the yard; no strong correlations were found between the lead values and the other 
individual risk categories. Table 2 provides a summary table of the average concentrations of 
lead for the DZ/CY/PA designation for each Davenport residence. Standard error was calculated 
by using the percent error of the known standard samples and extrapolating this measure of 
accuracy for the unknown samples. In other words, percent errors for the two standards were 
averaged and multiplied to the measured lead values to understand how much they may have 
deviated. The maximum concentration of lead in the DZ, CY, and PA designations were 5190 ± 
337 ppm, 1335 ± 383 ppm, and 1091 ± 50 ppm, respectively. The minimum values measured 
were 24 ± 3 ppm (DZ), 36 ± 2 ppm (CY), and 176 ± 15 ppm (PA). Average values, excluding 
error, were 1509 ppm (DZ), 373 ppm (CY), and 343 ppm (PA).  
Table 1. Important parameters obtained for the 27 homes. The age of the home, median family income, 
percentage renter occupancy, and percentage African American residents were key predictive risk factors 
incorporated into ArcGIS to determine a risk index and corresponding priority rating from 1 (highest risk) to 6 
(lowest risk). Note that there is only one priority 1 home and two priority 2 homes in this analysis. 
ID Year	Built Median	Family	Income Renter	Occupancy	(%) African	American	(%) Combined	Risk	Index Priority	Level
2017-01 1932 45189 3 19 69 4
2017-02 1892 45189 10 19 117 4
2017-03 1973 31552 39 61 105 2
2017-04 1900 25639 20 60 160 3
2017-05 1850 30972 14 45 189 3
2017-06 1900 26324 0 69 149 3
2017-07 1939 58975 4 24 68 4
2017-08 1930 16955 0 12 61 4
2017-09 1935 80494 3 16 63 4
2017-10 1930 14442 0 16 65 4
2017-11 1969 51731 15 50 74 5
2017-12 1968 51731 0 50 60 5
2017-13 1934 104821 1 12 58 6
2017-14 1914 40750 0 27 93 4
2017-15 1927 104,821 0 12 64 4
2017-16 1904 104,821 27 12 114 4
2017-17 1900 25078 30 33 143 3
2017-18 1923 43727 36 27 120 2
2017-19 1930 80494 0 16 65 4
2017-20 1934 104821 0 12 57 6
2017-21 1900 13636 38 86 204 1
2017-22 1914 13636 0 86 152 3
2017-23 1920 45189 0 19 78 4
2017-24 1953 62083 0 19 45 6
2017-25 1905 30972 6 45 125 3
2017-26 1910 26265 33 52 154 3
2017-27 1915 45189 0 19 84 4
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  Figure 3 presents a graphical representation of Table 2 and how these lead values match 
up with present EPA standards. Standard errors are once again given as described in Table 2. 
Drip zone concentrations are significantly higher than the CY and PA samples. 
Table 2. Summary table of average lead concentrations (in ppm), by designation, for all Davenport homes. The 
table includes adjusted standard errors, which were found not by computing the true standard error of the 
averages but by multiplying the averaged percent errors of the known standards to these averages. Blank spaces 
represent “No data” obtained. 
Sample	ID 2017-01 2017-02 2017-03 2017-04 2017-05 2017-06 2017-07 2017-08 2017-09
DZ 83	±	24 3792	±	1088 34	±	2 2731	±	126 5190	±	337 1366	±	89 1011	±	66 306	±	20
CY 1335	±	383 195	±	9 371	±	17 639	±	29 133	±	6 123	±	8
PA 196	±	56 1091	±	50 246	±	11 377	±	17 274	±	18
Sample	ID 2017-10 2017-11 2017-12 2017-13 2017-14 2017-15 2017-16 2017-17 2017-18
DZ 160	±	10 40	±	3 24	±	3 1024	±	119 101	±	12 60	±	7 3746	±	161 4988	±	214 1094	±	47
CY 133	±	9 36	±	2 1260	±	146 50	±	6 127	±	15 90	±	10 1136	±	49 97	±	4
PA 264	±	31 182	±	21
Sample	ID 2017-19 2017-20 2017-21 2017-22 2017-23 2017-24 2017-25 2017-26 2017-27
DZ 1402	±	60 2085	±	90 1176	±	51 1985	±	171 3014	±	259 63	±	5 1369	±	118 690	±	59 1701	±	150
CY 200	±	9 53	±	5 521	±	45 214	±	19
PA 267	±	11 251	±	22 176	±	15 504	±	43 289	±	25
Figure 3. Average concentrations of lead by designation for each Davenport home. Error bars represent percent 
error of measured samples compared to known standards. The red line indicates the EPA’s MCL for play areas  
(400 ppm) and the yellow line indicates the MCL for non-play areas (1200 ppm). 
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To summarize the extent of the contamination across the study sites, Table 3 provides a 
comprehensive assessment of which homes are considered “safe” and which are considered 
“unsafe” according to EPA standard limits. Overall, two of the homes are at risk for having play 
areas of the yard exceeding 400 ppm and two homes are at risk for having samples exceeding 
1200 ppm in the center of the yard; one home falls into both of these categories (2017-02). In 
addition, 12 homes are at risk for having lead values >1200 ppm, and in one case >5000 ppm 
(2017-05), in the drip zone. The Maximum Contaminant Level for lead in a child’s play area is 
400 ppm while other parts of the yard is 1200 ppm; it is recommended to implement interim 
controls when the concentration exceeds 1200 ppm and abate when the value exceeds 5000 ppm. 
 A significant relationship was found between the age of the home and concentration of 
lead, particularly for drip zone samples (R2 = 0.56562). This trend appeared to be followed for 
the CY and PA designations, albeit with less significant coefficients of determination (R2 = 
0.03483 and R2 = 0.24937, respectively). These regression analyses are seen in Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Average concentrations of lead paired with the age of each Davenport residence, for each 
designation. Regression lines and R2 values are shown. 
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Table 3. Summary table showing the number of homes with a value of lead in a specified range, for each composite 
designation. Homes are considered “safe” or “unsafe” according to EPA regulations for lead in residential yards.  
Benchmark 0-399 400-1199 1200-4999 ≥5000 total "safe" "unsafe"
PA 10 2 0 0 12 10 2
CY 13 3 2 0 18 16 2
DZ 9 5 11 1 26 14 12
"unsafe"	homes
2017-02,-23
2017-02,-12
2017-02,	-04,	-05,	-07,	-16,	-17,	-19,	-20,	-22,	-23,	-25,	-27
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No significant relationships were found between lead content and median family income, 
percentage renter occupied, percentage African American, or the soil characteristics. 
 Moreover, Figure 5 relates the concentrations of lead found for each designation to the 
priority level found for each home, where priority 1 is considered ‘highest risk’ and priority 6 is 
considered ‘lowest risk.’ Priority levels were found by combining the 4 predictors of lead 
poisoning, according to literature. A discrepancy is shown in which some categories are favored 
over others, although this was due to chance since each home was selected by appointment. In 
all, 1 home was sampled in the priority 1 category, 2 homes in priority 2, 7 homes in priority 3, 
12 homes in priority 4, 2 homes in priority 5, and 3 homes in priority 6.  
 
 
  
0	
1000	
2000	
3000	
4000	
5000	
6000	
0	 1	 2	 3	 4	 5	 6	
Co
nc
en
tr
at
io
n	
of
	P
b	
(p
pm
)	
Priority	Level	
Concentrations	of	Lead	by	Designation	
Across	Priority	Levels	
DZ	CY	PA	
Figure 5. Lead values by designation and priority level; higher priority (1), lower priority (6). 
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Phosphorus Concentrations 
The concentration of phosphorus in each collected composite sample was measured to 
understand the potential of soil lead to chemically adhere to this element and become 
mineralized. Figure 6 illustrates the values found in this analysis. The maximum concentration of 
phosphorus in the DZ, CY, and PA designations were 4580 ppm, 2291 ppm, and 2306 ppm, 
respectively. The minimum values measured were 777 ppm (DZ), 931 ppm (CY), and 757 ppm 
(PA). Average values included 1418 ppm (DZ), 1348 ppm (CY), and 1262 ppm (PA). As stated 
in the methods, the same USGS standards were used as with the lead analyses. As this report was 
seeking general trends and not high accuracy with the phosphorus samples, error values were not 
obtained. 
 
 
Lead – Phosphorus Analysis 
 Lead and phosphorus concentrations help determine the bioavailability of soil lead from 
the chemical interactions between them. Figure 7 presents the Pb and P for each composite 
sample. An insignificant correlation was found (R2 = 0.0049). The bulk of the phosphorus values 
lie within 750-1500 ppm regardless of the value of lead. 
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Figure 6. Average concentrations of phosphorus by designation for each Davenport home. 
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Furthermore, Figures 8 and 9 show total average concentrations—average of the measured 
averages of all samples—of lead and phosphorus, respectively, for each designation. Standard 
error bars show that DZ samples are statistically significant from the CY and PA samples for 
lead (no overlap), but not for the phosphorus values.  
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Figure 7. Scatterplot relating lead and phosphorus concentrations, both in ppm. The coefficient of 
determination (R2) is 0.0049. 
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Figure 8. Total average lead values by designation. 
Standard errors bars given. 
Figure 9. Total average phosphorus values by 
designation. Standard errors bars given. 
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Soil pH 
 A portable soil pH probe manufactured by HANNA instruments was used to understand 
average acidity levels of each Davenport home. Figure 10 illustrates the average values found 
from several measurements taken for each home. Overall, the pH range lied in an expected pH 
range of 5-7.5. 
 
Leaching Experiments 
 Table 4 below discloses the eight samples used for the leaching experiments, which 
utilized the USGS FLT methodology. The first batch of samples—extracted with a syringe after 
10 minutes of settling—is tabulated. A second batch of the filtrate samples was taken after 20 
minutes of letting the mixture settle; however, the results of these replicate samples are not 
tabulated since the known standards presented very large errors (10% error for the Pb 80 Micro 
Carry standard and 100% error for the Pb 10 Micro Carry standard). A blank sample was also 
measured with the samples in the first batch. Oddly enough, the XRF measured a value of 9 ppm 
for this blank. For the known USGS Micro Carry standards, a value of 10 ppm was measured for 
the Pb 10 standard (percent error of 0) while the Pb 80 standard measured a value of 86 (7.5% 
error). Overall, an average of 4.12% of lead was leached from the soil into the water among the 
samples. The calculation is as follows: [part (Pb filtrate) / whole (soil Pb level)] x 100% 
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Figure 10. Average soil pH for each Davenport home.  
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DISCUSSION  
 In Appendix C, maps can be found that present how lead concentrations differ between 
each site. The map including pie graphs portrays the proportional values between the DZ, CY, 
and PA designations. Because of the volunteer-based sampling scheme, no spatial trends appear. 
However, high lead values can be found across the city of Davenport. Generally speaking, 
composite samples collected along the drip zone of homes were substantially higher in lead 
content than the rest of the yard. As expected by research studies such as Schwarz et al. (2012), 
the concentration of lead decreases with increasing distance from houses and major roadways. 
This spatial phenomenon is simply due to diffusion: as lead paint deteriorates off a home or 
porch, it will settle in the soil nearest that structure; in addition, lead deposited from leaded 
gasoline emissions pre-1996 would settle in soil nearest these high-traffic roadways rather than 
travelling farther out. Furthermore, a significant relationship was found between age of the home 
and lead content (Figure 4). Since lead paint contained increasingly smaller percentages of lead 
in its makeup since the mid-20th century, it is not surprising to see that younger homes evidence 
a smaller lead toxicity problem. A 2016 policy statement by the American Academy of 
Pediatrics cited the CPSC as lowering the lead in paint to 0.009%, as opposed to up to 50% pre-
1955 (AAP, 2016). Regression analysis between lead content and the other predictive 
parameters—median income, percentage renter occupied, and percentage African American—
yielded insignificant results and will be excluded from further discussion. 
 A careful examination of the lead data in Figure 3 reveals that the value of lead in the 
center of the yard was much higher than that found in the drip zone for 2017-12. Table 2 
corroborates this observation, with a DZ value of 24 ppm and a CY value of 1260 ppm. 
Although it was not unusual to find a yard sample exceeding 1000 ppm, this home did not have a 
correspondingly high value near the home’s foundation. Logic dictates this anomaly is more 
likely due to human error. This study believes that these DZ and CY samples may have been 
Table 4. Summary table of the FLT experiment. The eight chosen composite samples represent the first and 
second highest and first and second lowest concentrations of lead and phosphorus measured. Pb 10 and Pb 80 are 
known USGS Micro Carry standards, which measured, respectively 0% and 7.5% errors.  
Sample	ID Pb	(ppm) P	(ppm) Pb	Leached	(ppm) Sample	ID P	(ppm) Pb	(ppm) Pb	Leached	(ppm)	
2017-05 5190 1728 25 2017-24 4580 63 0
2017-17 4988 1336 10 2017-16 3329 3746 5
2017-12 24 1146 4 2017-04 757 246 1
2017-03 34 870 5 2017-07 777 1366 5
Pb	10 - - 10 Pb	80 - - 86
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mistakenly swapped. Sources of error in labeling can occur when mislabeling the composite 
sample ziplock bag during collection, mislabeling the tin the sample was dumped into during 
sample prep, mislabeling the smaller, flared aluminum container during sample prep, or when 
inputting the sample name on the computer for XRF analysis. In order to verify that this was the 
case, the home was analyzed through the Scott County tax assessor database website, which 
provides information about the home. This particular home was built in 1968, has vinyl exterior 
siding, and contains separate concrete and brick patios with a garage attached to the dwelling. 
Even if the home was built pre-1978, the use of lead paint on vinyl siding is highly unusual. It 
may be the case that another source of lead made its way into the center-of-yard soil sample in 
this study. However, it is more likely that the samples were swapped somewhere in the shuffle. 
With this in mind, the reason for the high drip zone value of 1260 ppm may be attributed to the 
legacy of past homes with lead paint deterioration. Further analysis is needed to understand this 
anomalous data point. 
While background levels of lead in soil usually range from 10-50 ppm, urban soils may 
have concentrations ranging from 150-10,000 ppm (Pennsylvania State, 2017). This is the result 
of the myriad sources of lead input from human society. To understand benchmark lead values in 
soil in the Quad Cities, a comparison to the senior thesis of Augustana graduate Ryan Urbanski 
(15’) would be appropriate. Mr. Urbanski sampled soil throughout Rock Island, Illinois’ Historic 
Broadway District, which contains over one hundred homes built as early as 1854, with the 
youngest homes built in 1915. Samples were processed and run through the Rigaku Supermini 
XRF, quite similarly to the methods employed in this study. Of his 34 soil samples, the mean 
value of lead was 2593 ppm, with the highest and lowest concentrations being 8948 ppm and 103 
ppm, respectively (Urbanski, 2015). Evidently, the Quad Cities contain legacies of toxic paint on 
both sides of the Mississippi River. 
 Measuring soil pH was conducted to understand background levels of acidity in urban 
yards contaminated with lead paint. Soil acidity affects the retention, mobility, and 
bioavailability of lead ions in the soil matrix. Figure 8 presents average pH levels of the homes, 
which generally show neutral or slightly acidic results. Soils with higher clay content and 
organic matter have a greater buffering capacity than sandy soils in terms of maintaining a stable 
pH. Soil mineralogy, weathering and leaching rates, chemical inputs to the soil, and vegetation 
all affect the soil’s acidity and hence the mineralization or activation of metal ions in the 
substrate. Had this study analyzed soil organic matter, more could be said of the substrate’s 
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capacity to adhere to free Pb2+ ions. Otherwise, soil pH was not deemed a significant component 
to this study since values were fairly indistinguishable across the board. 
 Figure 7 is a graphical representation of phosphorus levels found in the soil samples. 
Possible sources of phosphorus include stormwater or industrial runoff, inputs from wildlife, 
lawn fertilizers, and the natural dissolution of phosphate minerals in the soil. Administration of 
phosphate fertilizer would especially account for these abnormally high levels. High P content 
serves to abate the bioavailability of lead by decreasing its solubility through sorption. In an 
effort to better understand the chemical behavior of the lead in these samples, the USGS FLT 
was conducted. It appears that with a higher content of lead, more lead is leached into the water 
(samples 2017-05, -17, -16, -07); however, this is offset by samples 2017-12 and 2017-03, which 
leach an appreciable amount of lead despite having very low concentrations (24 ppm and 34 
ppm, respectively). The amount of phosphorus measured does not appear to balk the dissolution 
of lead ions (samples 2017-24 and 2017-12 seem to oppose each other). A great limitation of this 
study is the small sample size and the lack of time available to perform reproductions of the 
experiments. Nevertheless, the FLT is a quick, cheap, and fairly accurate way to assess leaching 
potential of geologic matrices.  
Leaching potential is a focus area of this study principally to bring attention to lead 
already present in the yard. Since the EPA recommends remediation after the 400 ppm or 1200 
ppm action limits, soil rehabilitation becomes very difficult and expensive. The use of 
phosphorus amendments is a widely used technique to decrease not the amount of lead in the 
yard but the bioavailability of lead in the yard. According to Miretzky and Fernandez-Cirelli, 
2008, “pyromorphite formation can be accomplished by the reaction of Pb in a contaminated soil 
and different phosphorus sources, increasing the geochemical stability of soil Pb” (130). In other 
words, making the lead chemically inactive in the soil reduces the chance of its toxicity. The 
stable mineral pyromorphite [Pb5(PO4)3] cannot be ingested in the human intestinal tract. 
Pyromorphite formation is a function of pH, P solubility, and Pb solubility. Miretzky and 
Fernandez-Cirelli assessed natural and synthetic phosphates materials, including apatite and 
hydroxyapatite, biological apatite, rock phosphate, soluble phosphate fertilizers such as 
monoammonium phosphate, diammonium phosphate, phosphoric acid, biosolids rich in P, and 
phosphatic clay (Miretzky and Fernandez-Cirelli, 2008). The study found phosphoric acid to be a 
superior soil amendment, although elevated levels of P in the soil increase chances of 
eutrophication of surface waters, as well as the possibility of arsenic-enhanced leaching. 
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Nevertheless, mixed treatments serve to decrease the overall phyto- and bioavailability of lead in 
contaminated soils and should be considered as a remediation strategy for the Davenport homes.    
This study was not without a number of limitations. Interpretations and generalizations 
can only go so far with sampling 27 homes. In the future, the UMC will build up a greater 
database of lead data to be more representative of different at-risk Davenport neighborhoods. 
The distribution of these homes across the city was also not methodological since local residents 
called in for these free lead screenings. This permitted a rather heterogeneous sampling scheme. 
Although there is comparable census data to compare between the tested homes, one 
consequence of this “appointment” scheme disallowed an even distribution of homes based on 
their priority level. For instance, only one priority 1 home was tested and two priority 2 homes 
were tested in this study, given our projected risk map (Figure 5). It is difficult to compare 
homes estimated at greater or less risk when the data points in one category are much lower than 
the other. 
Another potential source of error may be the inconsistency in sampling protocol. As this 
was project was team-oriented, soil sampling often fell into multiple hands. As the result of 
being indisposed near the end of the summer, the main soil researcher had to cede soil collection 
to a team partner around the time of home 2017-09. As a result, errors may have been made after 
this switch. A potential example of this point lies in the anomalous result of home 2017-12, in 
which the concentration of lead in the CY sample is two magnitudes higher than the DZ 
(opposite of what is expected). CY samples can get as high as 1200 ppm albeit only with a 
correspondingly high concentration of lead in the drip zone of the home. It is quite possible that 
human error resulted in mislabeling of either the sample collection form, the sample collection 
bag, the container the sample is transferred to during sample processing, etc. In spite of this 
aberration, this study is confident that these analyses are accurate and reliable.  
Sources of error may have also occurred with sample processing, which can be attributed 
to minor contaminations, heterogeneous protocol (i.e. adjustments), and bias toward particular 
samples after having seen the condition of the home. The precision of the XRF instrument was 
exceptional and its accuracy when measuring known standards was acceptable. 
Errors arise with the leaching experiments; namely, a small sample size is insufficient to 
make proper interpretations of the soil behavior. Unfortunately, the accuracy of the XRF was 
very poor with the second batch of samples, necessitating the exclusion of those results from this 
report. Other sources of error include the complexity of residential soil lead bioavailability from 
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these simple leaching tests. The USGS designed these tests for quick and cheap analysis of 
highly contaminated soil substrates usually at former mining sites or demolition-site soils. 
Understanding other soil characteristics—such as total organic matter, soil mineralogy, soil 
texture, etc.—would also help determine the bioavailability of lead in the residential soils. 
 
CONCLUDING REMARKS  
 Contemporary society must learn to deal with aging and deteriorating infrastructure. 
Davenport, Iowa is not alone when it comes to finding adequate funding to remediate 
environmental hazards to the general public and future generations. This project has found cause 
for concern for numerous residents in Davenport neighborhoods in addition to the 27 homes 
screened for lead testing. A positive correlation between age of the home and lead concentrations 
should serve to coordinate efforts toward older homes that lack regular maintenance. Through 
the efforts of the City of Davenport and Genesis Health Systems, local residents can decrease 
their exposure to lead by simply cleaning and maintaining their domiciles, eating and drinking 
well, and learning to identify potentially hazardous areas of older homes and quarantining them 
from small children. By shifting from a reactive approach to a preventative approach, elevated 
BLLs and future risk may be avoided. However, solving this public health crisis will need to be 
achieved with aid from the city and additional external stakeholders. Augustana College and 
future students working with the Upper Mississippi Center will continue to expand this archive 
of lead data and strive to inform the city of Davenport with data analyses and mapping that will 
help direct environmental policy. 
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Soil Sampling Form 
 
Soil Sampler: ____________________________________ Date/Time: ____________________ 
Sampling Site: _________________________________________________________________ 
Name of Property Owner: ________________________________________________________ 
 
Composite Sample #1  Designation:  DZ   or   CY   or   PA    
Location/Description: 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
Total Subsamples: _____            Laboratory Result (ppm): ___________ 
 
Composite Sample #2  Designation:  DZ   or   CY   or   PA 
Location/Description: 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
Total Subsamples: _____            Laboratory Result (ppm): ___________ 
    
Composite Sample #3  Designation:  DZ   or   CY   or   PA 
Location/Description: 
______________________________________________________________________________
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
Total Subsamples: _____            Laboratory Result (ppm): ___________ 
 
NOTE: EPA hazard standard for bare soil in child play areas is 400 ppm; for bare soil in non-play areas, it is 1200 ppm. 
Appendix A 
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Property Sketch 
 
 
 
Notes: 
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 Appendix B 
Summary Tables 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sample	ID 2017-01 2017-02 2017-03 2017-04 2017-05 2017-06 2017-07 2017-08 2017-09
DZ 83	±	24 3792	±	1088 34	±	2 2731	±	126 5190	±	337 1366	±	89 1011	±	66 306	±	20
CY 1335	±	383 195	±	9 371	±	17 639	±	29 133	±	6 123	±	8
PA 196	±	56 1091	±	50 246	±	11 377	±	17 274	±	18
Sample	ID 2017-10 2017-11 2017-12 2017-13 2017-14 2017-15 2017-16 2017-17 2017-18
DZ 160	±	10 40	±	3 24	±	3 1024	±	119 101	±	12 60	±	7 3746	±	161 4988	±	214 1094	±	47
CY 133	±	9 36	±	2 1260	±	146 50	±	6 127	±	15 90	±	10 1136	±	49 97	±	4
PA 264	±	31 182	±	21
Sample	ID 2017-19 2017-20 2017-21 2017-22 2017-23 2017-24 2017-25 2017-26 2017-27
DZ 1402	±	60 2085	±	90 1176	±	51 1985	±	171 3014	±	259 63	±	5 1369	±	118 690	±	59 1701	±	150
CY 200	±	9 53	±	5 521	±	45 214	±	19
PA 267	±	11 251	±	22 176	±	15 504	±	43 289	±	25
ID Year	Built Median	Family	Income Renter	Occupancy	(%) African	American	(%) Combined	Risk	Index Priority	Level
2017-01 1932 45189 3 19 69 4
2017-02 1892 45189 10 19 117 4
2017-03 1973 31552 39 61 105 2
2017-04 1900 25639 20 60 160 3
2017-05 1850 30972 14 45 189 3
2017-06 1900 26324 0 69 149 3
2017-07 1939 58975 4 24 68 4
2017-08 1930 16955 0 12 61 4
2017-09 1935 80494 3 16 63 4
2017-10 1930 14442 0 16 65 4
2017-11 1969 51731 15 50 74 5
2017-12 1968 51731 0 50 60 5
2017-13 1934 104821 1 12 58 6
2017-14 1914 40750 0 27 93 4
2017-15 1927 104,821 0 12 64 4
2017-16 1904 104,821 27 12 114 4
2017-17 1900 25078 30 33 143 3
2017-18 1923 43727 36 27 120 2
2017-19 1930 80494 0 16 65 4
2017-20 1934 104821 0 12 57 6
2017-21 1900 13636 38 86 204 1
2017-22 1914 13636 0 86 152 3
2017-23 1920 45189 0 19 78 4
2017-24 1953 62083 0 19 45 6
2017-25 1905 30972 6 45 125 3
2017-26 1910 26265 33 52 154 3
2017-27 1915 45189 0 19 84 4
Benchmark 0-399 400-1199 1200-4999 ≥5000 total "safe" "unsafe"
PA	lie	within 10 2 0 0 12 10 2
CY	lie	within 13 3 2 0 18 16 2
DZ	lie	within 9 5 11 1 26 14 12
"unsafe"	homes
2017-02,-23
2017-02,-12
2017-02,	-04,	-05,	-07,	-16,	-17,	-19,	-20,	-22,	-23,	-25,	-27
Sample	ID Pb	(ppm) P	(ppm) Pb	Leached	(ppm) Sample	ID P	(ppm) Pb	(ppm) Pb	Leached	(ppm)	
2017-05 5190 1728 25 2017-24 4580 63 0
2017-17 4988 1336 10 2017-16 3329 3746 5
2017-12 24 1146 4 2017-04 757 246 1
2017-03 34 870 5 2017-07 777 1366 5
Pb	10 - - 10 Pb	80 - - 86
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